The place of allogeneic SCT in the management of multiple myeloma remains controversial. Although it may induce long-term clinical and molecular remissions, the very high transplant-related toxicity after a myeloablative preparative regimen has limited its role to younger patients as first-line treatment option. Even with this limited indication, toxic death rate related to infections and GVHD is considered too high and this strategy has been almost abandoned. Reduced intensity conditioning (RIC) regimens look promising, as the transplant-related mortality is low even with matched unrelated donors and can be considered for older patients up to the age of 65 years. However when used in patients with a high tumor burden or with chemo-resistant disease, the immunologic effect of the graft is not sufficient to avoid relapses. Therefore, RIC allotransplantation is currently used after tumor mass reduction with high-dose therapy followed by autologous SCT. A recently published Italian study shows that this strategy induces better event-free survival than double autologous SCT due to a reduced relapse rate. The questions raised by this encouraging result are discussed in this paper.
Introduction
Allogeneic SCT was introduced in the treatment of multiple myeloma (MM) 25 years ago, yet its role remains controversial.
Although allogeneic SCT is possibly the only curative treatment and can induce molecular remissions and longterm clinical CR, only a minority of younger patients having an HLA-identical sibling are eligible to receive this. Moreover, toxicity related to infections and to GVHD is very high, even in newly diagnosed patients, hence this strategy has almost been abandoned in recent years.
The introduction of reduced-intensity conditioning (RIC) is changing the scenario. In view of reduced transplant-related mortality (TRM), older patients (up to the age of 65 years) may be eligible for this. However, the beneficial effect of lower toxicity may be mitigated by a higher relapse rate and clinical trials are still needed to evaluate the impact of this strategy.
Myeloablative regimens
Soon after the publication of initial clinical studies, the paradox became evident. If given early in the course of the disease, allogeneic SCT could induce molecular remissions 1 and approximately one-third of the patients remained free of disease 6 years later. 2 Therefore allogeneic SCT appeared to be the only available therapy with a potential for cure or longterm disease control in at least some patients. However, toxicity was excessively high with a TRM up to 50% in some studies including a high percentage of previously treated patients. [2] [3] [4] Mortality was mostly related to infections and to GVHDrelated complications. As a consequence of this toxicity, allogeneic SCT could not be proposed to patients older than 50-55 years, while the median age at diagnosis was over 65 years and only a small minority of younger patients with an HLA-identical sibling could be eligible for this approach. Moreover, since toxic deaths occurred mostly during the first year, short-term comparisons of allogeneic SCT and autologous SCT were in favour of autologous SCT. 5, 6 An improvement of outcome was observed when allogeneic SCT was proposed at earlier stages. A retrospective survey of the EBMT registry showed that survival was significantly better in patients transplanted between 1994 and 1998, compared with patients transplanted before 1994. 7 This result was due to a lower toxic death rate but was not explained by a change in the source of hematopoietic stem cells (peripheral blood vs marrow) or by the use of T-cell depletion. The only explanation for a reduced TRM was a better selection of patients, with earlier transplantations in less heavily pre-treated patients. However, even in newly diagnosed patients, toxicity was considered too high. In the US Intergroup trial, comparing autologous SCT and conventional chemotherapy, patients up to the age of 55 years and having a matched sibling were offered an allogeneic SCT with myeloablative conditioning. This arm was prematurely closed after 36 patients were treated, due to a TRM rate of 53%. 8 Another way to decrease TRM could have been T-cell depletion since many toxic deaths were related to GVHD. Encouraging short-term results have been seen with CD6 T-cell-depleted allogeneic SCT followed by prophylactic CD4 þ donor lymphocyte infusions to reduce the risk of relapse. 9 Unfortunately, a Dutch prospective study using variable levels of T-cell depletion showed poor results with both a high TRM and a high early relapse rate. 10 Therefore, allogeneic SCT after myeloablative conditioning regimen was considered too risky by majority of investigators and is currently almost abandoned.
RIC regimens
However, there was at least one argument in favor of pursuing allogeneic SCT in MM, which was the possibility of achieving long-term remissions. While with autologous SCT the risk of relapse continues, with allogeneic SCT there is a plateau of event-free survival (EFS) and overall survival (OS) curves after 4-5 years. 8, 11 In the US Intergroup trial, the 7-year EFS was 22% for patients receiving allogeneic SCT with no further event at 10 years, suggesting that these patients could be cured. 8 Therefore, long-term survival could be superior with allogeneic SCT compared with autologous SCT. Much of the clinical impact of allogeneic SCT has been attributed to the immunological effect of donor lymphoid cells, which is called graft-versus-tumor effect. This effect is often associated with GVHD. While attempts to reduce GVHD have frequently been associated with a higher incidence of relapse, small retrospective studies were in favor of a graftversus-myeloma effect associated with GVHD. 12, 13 Proof of the graft-versus-myeloma effect was obtained by the occurrence of remissions following donor lymphocyte infusions in patients relapsing after allogeneic SCT. [14] [15] [16] Again, the likelihood of a graft-versus-myeloma effect was higher in patients with GVHD. 17, 18 This antitumor effect of donor immunocompetent cells is the basis of the introduction of RIC allogeneic SCT in a variety of hematological malignancies including MM. The principle of RIC allogeneic SCT is to reduce TRM while harnessing graftversus-myeloma effect. Therefore, RIC allogeneic SCT represented a new hope in MM. A number of pilot studies have been performed [19] [20] [21] [22] [23] [24] and are summarized in Table 1 . Conditioning regimens were heterogeneous but always contained fludarabine often combined with low-dose TBI or with alkylating agents (melphalan, cyclophosphamide or busulfan). Antithymocyte globulin or alemtuzumab were sometimes added with the objectives of improving engraftment and reducing GVHD. GVHD prophylaxis included cyclosporine (or Tacrolimus) combined with mycophenolate mofetil or methotrexate. These studies confirm the feasibility of RIC allogeneic SCT in MM. When the information was available, full chimerism was obtained in virtually all patients. Overall TRM ranged from 15 to 20%. The rate of GVHD (grades II-IV) was between 25 and 46% and GVHD occurred in 27-70% patients. The CR rate varied from 10 to 35% and short-term OS (usually 2-year) ranged from 30 to 71%.
This preliminary experience also confirmed that RIC allogeneic SCT was possible in older patients (over 60 years of age) and with matched-unrelated donors. 20, 22, 25 However, it was soon apparent that relapses were frequent when RIC allogeneic SCT were used in relapsed/refractory patients. 19, 20 The overall outcome (CR rate, progression free survival (PFS) and OS) was related to the status of the disease at the time of transplantation. A retrospective analysis of 229 patients who received a RIC allograft for MM in 33 centers within the EBMT group helps to define prognostic factors. 26 In this multicentre experience, the median age was 52 years and 14% of patients were Table 1 Reduced-intensity conditioning allogeneic transplantation in multiple myeloma The outcome was affected neither by the type of conditioning regimen nor by GVHD prophylaxis, but PFS was decreased in patients receiving alemtuzumab. While 3-year PFS and OS were significantly better when RIC allogeneic SCT was performed in first remission (34 and 67%, respectively), in multivariate analysis, decreased OS was associated with chemoresistant disease and with more than one prior autologous SCT. The rate of acute GVHD (grades II-IV) was 31%. Chronic GVHD (cGVHD) was associated with better OS and PFS (84 and 46%, respectively for limited cGVHD vs 29 and 12% in the absence of cGVHD). This finding confirms preliminary results on smaller series and is again in favor of graft-versus-myeloma effect. 22, 23, 27, 28 Therefore, this large survey confirms that RIC allogeneic SCT is feasible even in patients older than 60 years, yields encouraging results in first remission, but that heavily pre-treated patients and patients with progressive disease do not benefit. In another retrospective analysis on 120 patients, relapse to a prior autograft was also an important adverse prognostic factor, while cGVHD reduced relapse rate. 20 Interestingly, in patients with chemosensitive disease and without relapse after prior autograft, 1-year TRM was only 8%.
The EBMT group recently published a comparison between 320 RIC and 196 myeloablative allogeneic SCT performed between 1998 and 2002 in 103 centres. 29 There were significant differences between the two groups since RIC patients were older (median age 51 vs 45 years), have more often progressive disease (28 vs 21%) and had more frequently received one prior autologous SCT (76 vs 11%). RIC allogeneic SCT done later included more T-cell depletion. Despite the use of multivariate models to take into account these differences, it is difficult to draw definite conclusions from this study but randomized studies which would allow a more convincing comparison between myeloablative and RIC allogeneic SCT are not available and will probably not be performed in the near future. Therefore, this retrospective comparison confirmed that TRM was decreased with RIC allogeneic SCT (at 2 years 24 vs 37%, P ¼ 0.002). However the reduction in TRM was offset by an increase in the relapse risk (hazards ratio (HR) ¼ 1.9). As a consequence, the 3-year PFS was 19% with RIC and 34.5% with myeloablative allogeneic SCT (P ¼ 0.001), the 3-year OS was 38 vs 51%. Again the use of T-cell depletion and specially the use of alemtuzumab was associated with a higher relapse risk after RIC. Collectively, these results suggest that RIC allogeneic SCT should not be offered to patients with advanced MM. The allogeneic graft-versus-myeloma effect is not sufficient though there remains some benefit from high-dose therapy to reduce tumor burden. Furthermore, in the RIC allogeneic SCT, the modalities of conditioning and GVHD prophylaxis should be carefully chosen to enhance graft-versus-myeloma effect.
Tandem auto/RIC allotransplants
Currently, RIC allogeneic SCT is mostly used after tumor burden reduction with high-dose therapy followed by autologous SCT. The feasibility of RIC allogeneic SCT after one or even two autologous SCT has been shown by the Arkansas group. 30 Two groups reported their preliminary results with a planned tandem autologous followed by RIC allogeneic SCT approach. 31, 32 Before autologous SCT, they used high-dose melphalan (200 mg/ m 2 ), which yields a high response rate with a low TRM. Before RIC allogeneic SCT, the Seattle group used lowdose TBI (200 cGy), which had been associated with a high rate of engraftment in the canine model. The German group used an immunosuppressive regimen combining fludarabine, antithymocyte globulin and melphalan. In both studies, the CR rate after RIC allogeneic SCT was more than 50% and the early TRM less than 10%. The results of these two studies are shown in Table 2 . At the time of publication, follow-up time was still short and relapses occurred later. For instance, while 2-year PFS was 55% in the Seattle paper with a median follow-up time less than 2 years, relapses occurred in the third year, leading to a 4-year PFS of only 40% (Bensinger, personal communication). Nevertheless, these results were considered encouraging enough to justify prospective trials comparing this tandem auto/RIC allogeneic SCT approach with double autologous SCT, which had been previously shown superior to single autologous SCT. 33 Large prospective trials have been performed in the United States and in Europe, but all the results are not available. Until now, only two trials have been published. 34, 35 The approach of these two studies were different. While in the Italian study, all patients with an HLA-identical sibling were to proceed to RIC allogeneic SCT after autologous SCT, in the French study, patients were candidates to this approach only if they had two adverse prognostic factors (high b2-microglobulin level and chromosome 13 deletion by FISH analysis). Moreover, in the Italian study, the conditioning regimen was based on low-dose TBI, whereas in the French IFM study, it was based on fludarabine and antithymocyte globulin. While in the two studies, the TRM was low (10 and 11%), the overall results are different. In the IFM study, the outcome of high-risk patients was not improved by the use of RIC allogeneic SCT. 34 In the updated analysis, with a median follow-up of 38 months, EFS was similar in the RIC allogeneic SCT and the double autologous SCT group both on intention-to-treat basis (median EFS 18 vs 22 months, respectively) and in patients who actually received the planned treatment (median EFS 21 vs 25 months, respectively). 36 Moreover, OS was significantly longer in the double autologous SCT group due to a longer survival after relapse (35 vs 59 months, P ¼ 0.016). In the Italian study, the CR rate was significantly higher in the tandem auto/RIC allogeneic SCT group (55 vs 26%). As a consequence, at a median follow-up of 66 months, the median EFS were 43 and 33 months (P ¼ 0.07), respectively, and the median OS has not been reached in the auto/ RIC allogeneic SCT group, while it is 58 months in the double autologous SCT group (P ¼ 0.03). This superiority is due to a lower rate of disease-related mortality (7 vs 43%, Po0.001), while the TRM was not significantly different. There are some methodological concerns in the Italian study since the number of patients with an HLA-identical sibling (n ¼ 80) was almost identical to the number of patients without (n ¼ 84). Moreover, the results of double autologous SCT are not optimal and certainly inferior to those achieved currently in an unselected population of patients with newly diagnosed MM. However, these results achieved with tandem auto/RIC allogeneic SCT are indeed very encouraging and justify further clinical evaluation. Contrary to this, in the IFM program, the post allogeneic SCT relapse rate was high (56.5%, 26/46 patients), which could be explained by the high dose of antithymocyte globulin used in the conditioning regimen. This potent pretransplantation immune suppression might have prevented graft-versus-myeloma effects.
Current questions to be addressed
Should all patients with an HLA-identical donor be offered a tandem auto/RIC allogeneic SCT procedure? Apparently, patients who have a poor prognosis with autologous SCT or with conventional chemotherapy do not have a better outcome with this strategy. For instance, in the German experience, patients with 13q deletion (n ¼ 31) had a lower 2-year EFS rate (18 vs 42%) and a lower 2-year OS rate (18 vs 47%) than patients without this abnormality. 37 This finding was confirmed by the IFM trial showing no benefit of the tandem auto/RIC allogeneic SCT approach compared to a double autologous SCT program. 34 On the other hand, in the Italian study, neither a high b2-microglobulin level nor presence of chromosome 13 abnormalities appeared to affect the outcome after allogeneic SCT. Therefore, in this subgroup of patients, this approach should be offered only in the context of a clinical trial.
In patients with standard-risk MM, there is currently no available comparison of the RIC allogeneic SCT approach v autologous SCT or even nonintensive therapy including novel agents (thalidomide, lenalidomide or bortezomib). In this subgroup of patients, maintenance therapy with thalidomide after a double autologous SCT program yielded prolonged EFS and OS compared to no further treatment (or only pamidronate long-term treatment): the 3-year EFS was 52% (calculated after autologous SCT) and the 4-year OS was 87%. 38 Results of two large prospective studies in Europe and in North America will clarify the role of tandem auto/RIC allogeneic SCT in standard risk patients. The arguments in favor of tandem auto/RIC allogeneic SCT could be even less in good-risk patients. Even though TRM is reduced with RIC allogeneic SCT, compared to standard myeloablative regimens, it remains in the order of 10-15% for newly diagnosed patients and the risk of cGVHD is still 35-50%. Considering that the very good results achieved with single or tandem autologous SCT in patients with no adverse prognostic factor 39, 40 could be further improved by the introduction of novel therapies, these risks of toxicity are probably not justified in this cohort of patients.
Could results RIC allogeneic SCT be further improved? Although, the results of the Italian study are very encouraging, only 21 of the 58 patients who completed the auto/RIC allogeneic SCT program were still in CR after a median follow-up of 38 months. Since the TRM has been reduced, the objective should now be to increase the CR rate and reduce the relapse rate. The use of donor lymphocyte infusions did not appear to increase the CR rate in the Italian study (only four treated partial remissions in 11 patients). 35 They should be used early after allogeneic SCT (persistent disease without acute GVHD). When used for confirmed disease relapse, the chance of achieving a response is probably very low.
Another possibility to improve efficacy could be to use the novel agents after RIC allogeneic SCT. Remissions have been achieved with thalidomide or bortezomib in patients with residual or progressive disease after RIC allogeneic SCT. [41] [42] [43] [44] Therefore, these agents could also be used to maintain remission after RIC allogeneic SCT. 45 
Conclusions
(1) Despite the possibility of achieving some long-term remissions, myeloablative regimens before allogeneic SCT should not be used routinely. This approach Results of ongoing trials will determine the place of tandem auto/RIC allogeneic SCT, in the context of the new treatment paradigm related to the introduction of novel agents like thalidomide, bortezomib and lenalidomide.
